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Abstract -  It has recently been suggested that magadi, a high-fluoride trona, 
which is added in cooking to tenderize certain vegetables and beans in two villages 
in Tanzania, significantly contributed to the prevalence and severity of dental 
fluorosis. This report aims to substantiate the significance of magadi as a determin­
ant of dental fluorosis. Eighteen villages in four geographical areas (districts) 
with water supplies containing 0.2 to 0,8 mg/L of fluoride were selected. All 
schoolchildren aged 12 to 17 years (n= 1566) who had been born and raised in 
these villages were examined for dental fluorosis according to the Thylstrup- 
Fejerskov Index. Dietary history was recorded. The fluoride content of magadi 
samples was determined and the urinary fluoride excretion of pre-schoolchildren 
was assessed. The prevalence of dental fluorosis in nine coastal villages where tea 
and seafish were regularly consumed ranged from 7% to 46%. Severe (pitting) 
dental fluorosis was rarely seen. The low fluorosis levels observed in non-magadi 
consuming communities in coastal villages indicate that a fluoride content of up 
to 0.8 mg/L in drinking water is acceptable under the prevailing conditions of 
temperature and diet. In contrast, the prevalence of dental fluorosis in nine villages 
located inland at 1500 m altitude, where fluoride-containing magadi was con­
sumed, ranged from 53% to 100%, and severe (pitting) fluorosis was highly 
prevalent, ranging from 18% to 97%. The village with the highest fluoride content 
in the magadi samples collected showed the highest level of fluorosis. The uri­
nary fluoride excretion of pre-schoolchildren from different villages corresponded 
with the level of fluorosis and the fluoride content in the magadi samples of the 
respective villages. Data on dental fluorosis from the magadi-consuming commu­
nities provide strong evidence that consumption of magadi was the major deter­
minant of the observed high prevalence and severity of fluorosis in inland villages 
at 1500 m altitude.
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The findings in this report on dental 
fluorosis and fluoride exposure in four 
geographical areas (districts) of Tanza­
nia with less than 0.9 mg/L fluoride (F) 
in drinking water have been obtained 
from a cross-sectional survey of 18 vil­
lages along the coast and in the central 
western part of the country. A prelimi­
nary report from that survey has been 
published (1). It presented data on den­
tal fluorosis in one coastal village and 
two villages in the central western part 
of the country. The surprisingly high 
level of dental fluorosis observed in the 
two villages located inland as compared 
to the coastal village could not be ex­
plained by water-borne fluoride alone, 
since the prevailing F concentrations in 
the drinking water of these villages were 
similar. Magadi, a high-fluoride sedi­
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ment salt, was identified as a probable 
determinant of the observed high level 
of dental fluorosis (1). This finding is of 
interest since skeletal and dental fluo­
rosis, which is known to be prevalent in 
the northern parts of Tanzania, is a t­
tributed to water-borne fluoride (2-6), 
although some of the findings indicated 
higher fluorosis levels than would be ex­
pected from the amount of fluoride in
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the drinking water. This report aims to 
substantiate the significance of magadi 
as a determinant of dental fluorosis in 
different areas in Tanzania by present­
ing additional information on the 
prevalence and severity of dental fluo­
rosis in relation to fluoride exposure 
and fluoride excretion.
Material and methods 
Selection of villages
The districts Pangani and Muheza 
(coastal areas of the Tanga region) and 
Singida and Iramba (inland at 1500 m 
altitude) constituted the study area. Re­
cords of fluoride-ion concentrations of 
water sources in these districts were ob­
tained from the Ministry of Water. The 
available information was not detailed 
since fluoride concentrations of a 
limited number of sources in each dis­
trict were only known to a 
certain extent. Villages in the districts 
with a fluoride concentration of 0.1-1.0 
mg/L in drinking water were selected. 
Water sources that had been in use con­
tinuously in these areas for at least the 
last 15 years were identified, and those 
located in stable rural communities were 
selected for water samples, which were 
analysed for fluoride content. Eighteen 
villages in the four districts which ap­
peared to have water sources containing
0.1-1.0 mg/L F were finally selected for 
the present study. Subsequently, water 
samples were collected for assessment of 
fluoride concentrations at different 
times of the year in the period between 
February 1988 and July 1990.
Subjects
All children aged 12 to 17 years (n= 
1566) attending primary school who 
had  been born and raised in the re­
spective villages were examined for den­
tal fluorosis (Table 1).
Examination
Each child was examined in a portable 
chair under natural daylight in a shaded 
area by L.M., who had no knowledge 
of the prevailing fluoride-ion concentra­
tions in the drinking water and the ma­
gadi at the time of the examination. 
The Thylstrup-Fejerskov Index (TFI)
(4) was chosen for the assessment of
dental fluorosis, since it has previously 
been shown to be more sensitive than 
Dean’s index (7-9). Only buccal sur­
faces were scored because drying and 
examining lingual surfaces under the 
present field conditions was difficult 
and, in addition, it has previously been 
shown (4) that in prevalence studies no 
extra information will be gained by in­
cluding other surfaces. Buccal surfaces 
of all erupted permanent teeth, except 
the third molars, were wiped with cot­
tonwool and dried using an airblower; 
then cotton rolls were placed and left 
for 2 min before examination. Perma­
nent teeth with the buccal surface less 
than half erupted were excluded. 
Enamel changes that are not described 
by the TFI were excluded from scoring. 
In case of doubt as to which TFI score 
should be used, the lower score was 
chosen.
Reproducibility
Re-examinations were performed in 111 
children from the four districts. A mea­
surement error occurred in 4.5% of all 
scores. The weighted Kappa was found 
to be 0.87 and the measurement-remea- 
surement correlation was 0.97.
Dietary history
The children under study and 90% of 
their mothers were asked how fre­
quently they consumed tea, fish, fresh 
milk and magadi in a week. Mothers 
were also asked about the dietary habits 
of their infants and pre-schoolchildren,
Magadi samples
Samples were collected from households 
in Sepuka (n=7) and Kinyeto (n= 14) in
Table 1. Number of children in the respective villages in four districts (total /i= 1566)
Villages 
in Pangani
Sub­
jects
(n)
Villages 
in Muheza
Sub­
jects
(*)
Villages 
in Singida
Sub­
jects
(n)
Villages 
in iramba
Sub­
jects
(n)
Kibinda 43 Bawa 77 Ntunduu 144 Lulumba 98
Ushongo 33 Zingibira 68 Sepuka 93 O. Kiomboi 128
Pangani 64 Moa 59 Kinyeto 165 N. Kiomboi 102
Mwera 58 Boma 87 Puma 62 Kyengege 126
Mkwaja 35 Kintuntu 124
Total 233 291 588 454
Table 2. F concentrations (mg/L) in water sources of 18 villages in 198S to 1990
Villages Sources (n) Samples (m) Range Mean
Pangani district
0.2Kibinda 2 8 0.1-0.4
Ushongo 4 20 0.1-1.0 0.6
Pangani 2 5 0.2-0.7 0.3
Mwera 1 3 0.1-0.2 0.2
Mkwaja 8 36 0.1-0.9 0.4
Muheza district
Bawa 3 6 0.1-0.5 0.3
Zingibira 3 6 0.1-0.5 0.3
M oa 1 3 0.1-0.6 0.3
Boma 8 18 0.4-1.1 0.8
Singida district
0.2-1.3 0.5Ntunduu 9 35
Sepuka 8 24 0.1-0.9 0.6
Kinyeto 11 44 0.2-1.3_ a —* 0.6
Puma 5 12 0.5-1.2 0.7
Kintuntu 8 16 0.1-1.4 0.4
Iramba district
0.4Lulumba 6 6 0.1-0.7
O. Kiomboi 5 8 0.2-1.9 0.8m
N. Kiomboi 4 7 0.3-1.3 0.6
Kyengege 4 4 0.5-0.6 0.6
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Fig. I. Frequency distribution o f  children (in 18 villages o f  4 districts) according to the highest 
T F I score o f  their dentition.
the Singida district and in O. Kiomboi 
(«=9) in the Iramba district. No magadi 
samples were obtained from the Pangani 
and Muheza districts, since none of the 
households reported using magadi.
Urinary fluoride
Urine samples were collected from chil- 
dren in the age group 2 to' 5 years for 
fluoride measurements as an estimate of 
fluoride consumption during the period 
of dental fluorosis development. Urine 
samples were obtained in the coastal 
villages Ushongo («=17) and Mkwaja 
(«=24) in the Pangani district, in the 
village Boma («=26) in the Muheza dis­
trict, in the villages Sepuka («=20) and 
Kinyeto (« = 35) in the Singida district, 
and in O. Kiomboi («=32) in the Iram­
ba district. For practical reasons, only 
families living close to the health centre 
were asked to participate. It was actual­
ly impossible to collect urine from a 24- 
hour period because of bed-wetting 
problems and poor cooperation from 
the mothers. Therefore the present 
urine samples were obtained for the 
period from the morning until the eve­
ning when the child went to bed, and 
collected after the next morning’s visit 
to the health centre. All samples were 
kept at low temperature or in the refrig­
erator until the fluoride analysis.
Table 3. Weekly consumption (frequency) of milk, tea, fish and magadi in 18 villages
Villages Milk Tea Fish Magadi
Pangani district
Kibinda 0.2 2.1 J.6 0
Ushongo 1.0 3.4 3.4 0
Pangani 0.6 4.2 3.1 0
Mwera 1.0 4.8 3.3 0
Mkwaja 1.8 4.8 6.4 0
Muheza district
Bawa 0.7 5.4 5.9 0
Zingibira 0.5 5.3 6.4 0
Moa 0.4 5.1 5.8 0
B o m a 0 7.0 7.0 0
Singida district
N Lund uu 6.8 0.1 0 4.7
Sepuka 3.5 1.1 0.1 4.5
Kinyeto 5.6 0.4 0 4.5
Puma 4.3 0.2 0.1 5.0
Kintuntu 4.9 0.1 0 3.9
Iramba District
Luliunba 2.1 2.6 . 2.1 3.0
O, Kiomboi 2.0 2.0 2.0 2.6
N. Kiomboi 2.0 2.4 1.6 2.0
Kyengegc 5.8 0.4 0 6.0
Fluoride analysis
Fluoride concentrations were deter­
mined with a specific fluoride-sensitive 
electrode (10).
Statistical analysis
The differences between groups were 
analysed with the Mann-Whitney test, 
X2 test and /-test.
Results
F concentration in drinking water
The mean F concentration of drinking 
water from different sources in the 
period February 1988 to July 1990 was 
below 0.9 mg/L in all villages (Table 2). 
The variation observed in F concentra­
tion was between 0.1 and 1.9 mg/L.
Dental fluorosis
Because no significant differences in 
TFI scores were found between boys
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and girls or between younger and older 
children, results are presented for the 
total number of children in each village. 
The prevalence of dental fluorosis 
among children from coastal villages in 
the Pangani district ranged from 10% to 
46% (Fig. la) and in the Muheza dis­
trict from 7% to 28% (Fig. lb). The 
prevalence of fluorosis increased statis­
tically significantly (x2 test, P<0.05) 
from 19% in coastal villages with drink­
ing water containing 0.2-0.3 mg/L F to 
31% in coastal villages with 0.4-0.8 mg/ 
L F in their water supplies. The preva­
lence of fluorosis in villages in the Singi- 
da district ranged from 53% to 95% and 
in the Iramba district from 98% to 
100%. Children with severe (pitting) 
dental fluorosis of T F I> 5  were rare in 
the coastal villages (2%), common in 
the Singida district (18% to 59%) and 
they represented the majority (86% to 
97%) in the Iramba district (Fig. 1).
Fig. 2, 3 and 4 present the cumulative 
proportion of children according to the 
proportion of teeth with T F I> 1 , 
TFI>3 and T F I> 5 , respectively. Fig. 2 
shows that the proportion of children 
with 50%) of their teeth affected 
(TFI>1) ranged from 0%) to 18% in the 
coastal villages, from 34%) to 80%o in vil­
lages in Singida and from 97%o to 100%) 
in villages in Iramba. Fig. 3 shows that 
between 0% and 22%) o f the children in 
coastal villages had a T F IS 3  score, but 
none of them had this score for all their 
teeth. In the Singida district, 2%> to 18%) 
of the children had a score of T F I s 3  
for all their teeth and in the Iramba dis­
trict 46% to 77%) of the children had a 
score of T F I^ 3  for all their teeth. The 
proportion o f  children with 50% of 
their teeth affected with severe fluorosis 
(TFI>5) ranged from 4%o to 15%) in 
Singida and from 53% to 76% in Iram- 
ba (Fig. 4).
Milk, tea, fish and magadi consumption
The children in the coastal villages in the 
Pangani and Muheza districts consumed 
statistically significantly (/-test, 
/ ’CO.OOOl) more tea and fish but less 
milk than the children in the Singida and 
Iramba districts (Table 3). Consumption 
of magadi was not recorded in the coast­
al villages, but in Singida and Iramba 
magadi was used frequently. The moth­
ers stated that they had always used ma­
gadi and til at their small children started
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Fig. 2. Cumulative frequency distribution of children (in 18 villages o f  4 districts) according 
to the proportion of teeth per child exhibiting dental fluorosis o f  TFI score > 1 .
to eat the same food as the adults in the 
weaning period, starting from 4 to 9 
months after birth,
F concentration in magadi
A large variation in the F content of 
the magadi samples was found. The F 
content ranged from 36 mg/L to 9000 
mg/L F. The highest median F content 
was found in the magadi samples from 
the village O. Kiomboi in the Iramba 
district. The villages Kinyeto and Sepu­
ka in the Singida district showed a sim­
ilar median value for the F content in 
magadi. Some magadi samples in Kiny­
eto had a very high F content, resulting 
in an overall higher but not statistically 
significant different mean F content 
compared to Sepuka (Table 4).
Urinary F excretion
The volume of urine samples ranged 
from 15 to 480 ml, indicating that the 
collection procedure under the supervi­
sion of the mother was not uniform. 
The urinary F concentration varied
Table 4. F concentrations (mg/L) in magadi samples
Samples
District Village (n) Mean Range Median Mann-Whitney test
Pangani not in use
Muheza not in use
Singida Sepuka 7 128 36-180
Kinyeto 14 1585 84-9000
Iramba O. Kiomboi 9 2638 690-6800
160
160
1750
P -0 .2 3  
P<0.01
PC0.001
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from 0.4 to 8.1 mg/L in the pre-school- 
children from the different villages. De­
spite the large range of variation in vol­
ume and F concentration, the total 
fluoride excretion from each child was 
calculated and the values for the villag­
es were compared. Median F excretion 
values per village were considered the 
most meaningful, since individual val­
ues showed a skewed distribution. The 
urinary F  excretion of pre- schoolchil­
dren in the village O. Kiomboi in the 
Iramba district demonstrated the high­
est values, followed in descending order 
by the villages Kinyeto and Sepuka in 
the Singida district. The urinary F 
excretion in the coastal villages in the 
Pangani and Muheza districts was the 
lowest (Table 5).
Discussion
It has been reported that the concentra­
tion of fluoride in drinking water can 
vary considerably with time (11). In the 
present study, villages were selected if
Table 5. F excretion (mg/L) in urine samples o f  pre-schoolchildren
District Village
Samples
(«) Mean Range Median
Pangani Mkwaja 24
Ushongo 17 0.22 0.02-0.92 0.15
Muheza Boma 26 J
Singida Sepuka 20 0.21 0.03-0.67 0.17
Kinyeto 35 0.38 0.05-1.02 0.34
Iramba O. Kiomboi 32 0.56 0.03-1.23 0.54
PC0.05
PcO.Ol
PC0.001
the first samples of their water sources 
revealed F concentrations ranging from 
0.1 to 1.0 mg/L. Subsequent water sam­
ples in the following 2 years never 
showed concentrations above 1.9 mg/L 
F, indicating that the range of F concen­
trations in these water sources was 
limited.
Fluoride supplementation for the 
prevention of dental caries was negligi­
ble in these populations. Over 90% of 
the 12- to 17-year-old children did not 
use toothpaste at the time of the study, 
1988 to 1990. At the time that they may 
have developed dental fluorosis, tooth­
paste in Tanzania did not contain fluo­
ride. Fluoride tablets, fluoride gels and 
rinsing solutions were not available.
The mean prevalence of dental fluo­
rosis among children in coastal villages 
with water supplies containing 0.2-0.8 
mg/L F ranged from 7% to 46%. The 
TFI is more sensitive than the Dean’s 
Index in assessing very mild forms of 
fluorosis (4). It has recently been re­
ported (7) that approximately 80% of 
TFI score 1 and 30% of TFI score 2 
correspond to Dean’s score 0 or 0.5 
(questionable score). The present TFI 
data converted to the Dean’s Index re­
sult in a fluorosis prevalence ranging 
from 5% to 33%. Dean’s data in 1936 
indicated that about 10% of the chil­
dren in temperate areas in the USA 
who consumed water containing ap­
proximately 1 mg/L F displayed dental 
fluorosis (12). A comparison of our 
data with findings from surrounding 
African countries shows that our 
findings in the coastal villages are sim­
ilar to the fluorosis prevalences of 15% 
to 25% reported in Ethiopian tea-drink­
ing communities with water supplies 
containing 0,2™ 1.0 mg/L F (13). Also in 
keeping with our prevalence data is the 
reported prevalence of fluorosis of 43% 
in a South African area with 0.6-1.6 
mg/L F in the drinking water (14). In 
contrast, the reported fluorosis preva­
lence of 58% in another area of South 
Africa with 0.6 mg/L F in the drinking 
water (15) and the fluorosis prevalences 
(TFI) of 36% to 71% in coastal areas in 
Kenya with 0.2-0.7 mg/L F in the
drinking water (16) were somewhat 
higher than in the present study. The 
observed fluorosis in the present coastal 
populations seems to be the combined 
result of water-borne fluoride, climatic 
conditions (17, 18) and frequent con-
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to the proportion o f  teeth per child exhibiting dental fluorosis o f  TFI score ^5.
sumption of seafish and tea, foods 
which are known to contain substantial 
amounts of fluoride (19). The observed 
low prevalence of fluorosis in these 
communities and the virtual absence of 
severe fluorosis indicate that drinking 
water with an average fluoride content 
of up to 0.8 mg/L is acceptable under 
the local circumstances.
An increasing number of reports 
from African countries indicate a 
higher prevalence and severity of dental 
fluorosis than could be expected from 
the fluoride concentrations in the drink­
ing water (4, 15, 16, 20-24). Climate 
(15, 20, 23) and, more recently, altitude 
(22) have been suggested as contributo­
ry factors to fluorosis. The prevalence 
and severity of dental fluorosis in the 
Singida and Iramba districts were also 
much higher than could be expected 
from water-borne fluoride. In Singida 
and Iramba at 1500 m altitude, mean 
annual temperatures are lower than in 
the coastal districts. Tea and fish con­
sumption is lower than in the coastal 
districts. Despite these conditions, the 
prevalence and severity of fluorosis was 
much higher in Singida and Iramba 
than in the coastal area, The high de­
gree of fluorosis in the villages of Singi­
da showed similarity with the fluorosis 
levels reported in rural areas in Kenya 
at 1500 m altitude (22) and with the 
fluorosis levels in the capital Nairobi at 
1800 m altitude (24), where the water 
supplies had low fluoride concentra­
tions. It was suggested that the unex­
pectedly high fluorosis levels found in 
Kenya at 1500 m and at higher altitude 
could be the result of altitude-related 
hypo baric conditions (22). Although an 
altitude effect on fluorosis may exist, 
the use of magadi as the main fluoride 
source provides a more likely explana­
tion for the high prevalence and severity 
of dental fluorosis in the Tanzanian 
1500 m altitude villages.
Magadi used in the village O. Kiom- 
boi in the Iramba district showed very
high F concentrations, and the degree 
of fluorosis was statistically signifi­
cantly higher (/-test, /3<0.0001) than in 
villages in the Singida district, where 
magadi contained less fluoride. In the 
Singida district, children in the village 
Kinyeto had statistically significan tly (r- 
test, PCO.OOl) higher levels of fluorosis 
than children in the village Sepuka. The 
mean F content of magadi samples in 
Kinyeto was higher than in Sepuka, but 
the difference was not statistically signi­
ficant. However, the urinary F excretion 
of pre-schoolchildren in Kinyeto ap­
peared to be statistically significantly 
higher (Mann-Whitney test, P<0.01) 
than in Sepuka.
The amount of fluoride ingested by 
small children in these areas is not 
known, but the differences in urinary F 
excretion between the various areas 
showed similarity with the differences in 
the F content of the magadi samples 
and with the differences in fluorosis 
levels. The lowest urinary F excretion 
was found in the coastal villages where 
magadi was not used. These findings 
correspond to the previous suggestion
(1) that magadi is an additional fluoride 
source which contributes to the occur­
rence of dental fluorosis. As recently as 
three decades ago, another dietary 
source of fluoride, natural rock salt, 
was suggested as a probable cause of 
fluorosis in India (25), but this finding 
has never attracted wide attention.
The large variation in the prevalence 
and severity of dental fluorosis in villages 
where magadi is used can be attributed 
to the variation in both the consumption 
frequency and the fluoride content of 
magadi. About 2 g magadi per person 
(26) is added to the cooking pot, two to 
six times a week. With magadi contain­
ing about 2600 mg/L F  (mean F content 
in O. Kiomboi), an adult may ingest be­
tween 10 and 30 mg F from magadi per 
week. It is risky to calculate the amount 
of fluoride ingested by pre-schoolchil­
dren, who are particularly susceptible to 
dental fluorosis. The present data, how­
ever, indicate that in communities such 
as O. Kiomboi, where magadi with a 
high F content is used, children ingest 
too much fluoride, resulting in severe 
forms of dental fluorosis. In contrast, 
when the F  content of magadi is low (36- 
180 mg/L) as was the case in Sepuka, 
47% of the children remain free of dental 
fluorosis. The upper limits of consumed
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amounts of fluoride through magadi in 
Sepuka seem to be responsible for severe 
fluorosis (TFI^5) in 18% of the children, 
since severe fluorosis was rare (2%) in 
coastal villages where magadi is not 
used.
The data in this study strongly indi­
cate that consumption of magadi is the 
major determinant of the high level of 
dental fluorosis observed in the popula­
tions examined. It is suggested that in 
studies on dental fluorosis careful atten­
tion should be paid to dietary habits 
and local customs in the preparation of 
food, in order to identify possible addi­
tional fluoride sources. Tanzania has 
numerous communities with endemic 
dental fluorosis, of which many are 
known to have high levels of fluoride in 
their water supplies, but many other 
communities may experience dental 
fluorosis resulting from high fluoride 
content in magadi. This problem ur­
gently requires further investigation to 
permit appropriate measures to be 
taken to reduce the prevalence and se­
verity of dental fluorosis.
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